ton in lactase defciency. Most Absorption of nutrients is the major function of the gastrointestinal system. Although the most prevalent gastrointestinal diseases such as peptic ulcer, cancers, and gallstones seldom cause clinically detectable changes in absorption, there are more than 30 less common human diseases which do cause malabsorption of one or more nutrients (1, 2) . These diseases and the clinical methods used to evaluate intestinal absorption will be reviewed.
The approximate amounts of various nutrients ingested by normal adult Americans is shown in Table  1 (3) . In addition, endogenous secretions must be digested and absorbed, and they contribute about 6500 ml of water, 35 to 100 g protein, and possibly 20 to 30 g fat each day. (4) . This mixture is solubilized to a clear micellar solution by the action ofbile acids (5, 6) . The fatty acids and /3-monoglyceride diffuse from the micelles into the intestinal mucosa while bile acids remain in the lumen and are absorbed by an active process in the terminal ileum (7) . Within the mucosal cell, triglyceride is resynthesized and packaged with cholesterol, cholesterol esters, and specific proteins to form chylomicrons which leave the baso-lateral membrane of the cell, enter lymphatics, and eventually join the blood via the thoracic duct (8, 9) . Digestion and absorption of carbohydrates and proteins is less complex (8) . Pancreatic amylase hydrolyzes (12) . The reserve capacity for carbohydrate and protein is even greater than for fat. Reserve capacity is in part due to excess function, including 9-to 10-fold more pancreatic enzyme activity (13), 2-to 3-fold higher bile salt concentration (2, 7) , and severalfold more surface area, at least for protein and carbohydrate (14) , than the minimum required for normal absorption. Adaptation also contributes to the reserve capacity of the intestine. Thus, following resection or by-pass of part of the small intestine the remaining segment undergoes changes in enzyme activity and morphology and an increase in absorbing capacity per centimeter of length- (15, 16) . Also, resection or disease of the terminal ileum which results in excessive fecal losses of bile acids induces an increase in bile acid synthesis by the liver of up to 10-fold the normal rate (7). The digestive system can also partially compensate for total loss of pancreatic secretions (17, 18) . Although this reserve absorptive capacity is of obvious benefit it often precludes early detection of conditions that cause malabsorption or detection of slight damage.
The malabsorption syndrome, i.e., steatorrhea and weight loss, is caused by many diseases which can be conveniently divided into groups based on the major deficiency leading to the absorptive defect (Table 3 ) (1, 2). Most of these diseases cause malabsorption of many or all nutrients. There are other diseases which cause malabsorption of only one or a few related nutrients and which do not produce the malabsorption syndrome. The most important of these are categorized in Table 4 (19) .
Although a great many tests have been proposed for detecting and diagnosing the cause of malabsorption, many of them are only different methods of gathering the same information. Therefore, a rational approach to investigation of suspected malabsorption need not involve a large number of tests. By history, most patients with malabsorption have diarrhea and weight loss, but occasionally the patient will complain predominantly of one or more other (20) , and semiquantitative determination of fecal fat by December 1979 counting microscopic lipid droplets after treatment ofa stool specimen with a fat stain such as sudan (20, 21) . Initial blood studies include carotenoids and folic acid. Since these compounds are not synthesized or stored by humans in appreciable quantities, the blood levels fall when absorption decreases if intake remains constant. However, low folate and carotenoid levels are not specific for malabsorption. Prothrombin time or serum alkaline phosphatase activity may be abnormal when vitamin K or vitamin D and calcium absorption, respectively, have been decreased for a long period of time. Blood levels of calcium, magnesium, phosphorus, cholesterol, and vitamin B12 may also be obtained, but the results are often normal or only slightly decreased even when malabsorption is clinically obvious. Plain radiographs of the abdomen and barium contrast studies of the upper gastrointestinal tract and small bowel are performed to look for evidence of pancreatic or small bowel disease.
Since the digestion-absorption offat requires more steps and has less reserve capacity than that for other nutrients, quantitative analysis of stool fat in a 72-hr collection is the most definitive test for malabsorption. The patient must be ingesting a known quantity of fat, greater than 50 g/day and preferably close to 100 g/day, beginning at least 48 hr before starting the collection. Accuracy of the test depends on careful stool collection and estimation of fat intake, avoidance of drugs that alter intestinal motility, barium, or other agents that interfere with the assay and cathartics or other suppositories that add fat to the stool, and a properly performed assay. Recently a promising new test for fat malabsorption has been developed, namely the 14C-triolein breath test (22) . Triolein labeled with 14C in the carboxyl group is given orally, and the percent of administered label expired as 14CO2 over the next 6 hr is determined. Constant collection of the expired C02 iS possible but impractical. Instead a known quantity of the C02 is collected in hyamine at intervals and its specific activity is determined by scintillation counting. The total label expired in 6 hr is then calculated by assuming a constant C02 production of 9 mmole/kg-hr for the patient at rest. The initial report (22) which indicates that this test is as sensitive and specific for fat malabsorption as the 72-hr fecal fat assay requires confirmation. The breath test can also be done by using 13C-triolein, avoiding a radioactive label (23) .
The D-xylose test is frequently used in evaluating intestinal absorption (24, 25) . D-Xylose is a fivecarbon sugar that is absorbed by the intestinal mucosa and requires no intraluminal digestion. It is poorly metabolized in the body and is excreted intact in the urine. After an oral dose, urine is collected for 5 hr and assayed colorimetrically for D-xylose. Nor (26) .
Peroral biopsy of the intestinal mucosa is a safe, relatively simple procedure (27) . Depending on the instrument used, one to four pieces of tissue can be obtained with a total weight of up to approximately 35 mg. A hydraulic instrument is available for research purposes which will permit repeated biopsies from the same patient at different levels of the small intestine without having to repeatedly remove and re-insert the instrument (28) . Biopsy specimens are used for many types of study including light and electron microscopic examination, chemical and enzymatic assays, tissue culture, and uptake of various radiolabeled compounds.
There are a few other useful tests of intestinal function. Pancreatic secretory tests are used in which a tube is passed by mouth into the duodenum whereby secretions from the pancreas can be aspirated. The pancreas is then stimulated to secrete either by injecting the hormone secretin or by giving a standard meal and the volume, composition, and enzyme activity of the secreted pancreatic fluid is measured and compared with established normal values (29) . The Schilling test determines B12 absorption by measurement of radiolabeled Bl2 excreted in the urine for 24 hr following an oral dose (30) . A large dose of nonlabeled vitamin is given parenterally to saturate tissue-binding sites. Intrinsic factor normally secreted by the stomach is necessary for B12 absorption so if the initial (first stage) test is abnormal the test must be repeated, this time giving intrinsic factor with the oral Bl2 (second stage). An abnormal second stage test indicates either dysfunction of the terminal ileum, where B12 is actively absorbed, or intestinal stasis as the bacteria in this condition may take up and bind B12 before it can be absorbed.
Excessive loss of whole protein from the intestine can be measured by giving 51Cr albumin intravenously and measuring fecal radioactivity for several days. Chromium is practically nonabsorbable, so any that leaks out into the intestinal lumen attached to albumin will remain and be passed in the stool even though the protein is digested and absorbed (31) .
Breath tests similar to the triolein test already described have been reported for detecting malabsorption or metabolism of other compounds labeled with 13C or 14C including bile acids, D-xylose, and aminopyrine (32) (33) (34) Finally, several new, apparently useful tests for malabsorption of various carbohydrates make use of measurement of hydrogen in the breath following ingestion of the test carbohydrate (35, 36) . Bacteria, but not mammalian cells, produce hydrogen during metabolism of sugars. Hydrogen produced in the Environmental Health Perspectivesintestinal lumen by bacteria is readily absorbed from the intestinal tract and expired in the breath. Therefore, the presence of significant amounts of hydrogen in the breath following ingestion of any carbohydrate indicates that bacteria are coming in contact with the compound. Normally, ordinary doses of compounds such as lactose, sucrose, and glucose are 100%o absorbed. Therefore, increased breath hydrogen following their ingestion indicates malabsorption or bacterial overgrowth in the upper intestine. On the other hand, lactulose is a sugar that is not absorbed by humans, so that the time of appearance of hydrogen in the breath following its ingestion has been used to measure intestinal transit time as well as bacterial overgrowth.
In summary, although absorption is the main function of the intestine the system has a large reserve capacity so that most of the tests currently used are not likely to detect early or mild changes. Measurements done on peroral intestinal biopsies and possibly some of the developing breath tests offer more senstive methods for detecting intestinal dysfunction.
